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CHAPTER I

THE PROBLEM AND BACKGROUND INFORMATION

Introduction

Anthropologists have long been interested in skeletal studies
of human and non-human primates and this interest has included the
study of skeletal pathology.

Ihe frequency and pattern of differ

ent types of skeletal pathology are of interest because pathology
is not just a matter of chance and does not occur simply at random.
Researchers of skeletal pathology have associated pathology with
several factors.

Wells has asserted that the pattern of disease

or injury affecting a population is invariably the expression of
the stresses and strains to which the population is exposed, a
response to everything in their environment and behavior.*

Roney

has related the occurrence of pathology to microenvironment, cultural
subsistence activities, and sexual division of labor.

2

Angel has

interpreted the occurrence of pathology in terms of genetics and
3
the use of weapons and implements, and in terms of ecology and

*Wells, Calvin, Bones, Bodies, and Disease.
Frederick A. Prager, 1964. p. 17.

New York:

2

tr
Roney, James G., "Palaeoepidemiology: An Example from Cali
fornia." in Saul Jarcho (Ed.), Human Palaeopathology. New Haven
and London: Yale University Press, 1966. pp. 99-106.
3

Angel, Lawrence J ., Early Skeletons from Tranquillity Cali
fornia, Smithsonian Contributions to Anthropology, Vol. II, Number 1,
Smithsonian Press, Washington, 1966. p. 3.
1
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demography.

Krogman has called certain pathological conditions

associated with stress areas of the human spine, pelvis, and foot
'scars of evolution' and attributes pathology at these sites to
inadequate adaptation to erect posture.

2

Schultz has analyzed the

frequency of fractures in primates in terms of mode of locomotion,
si z e , and a g e , and hypothesizes that frequencies are determined
3

primarily by age.

These studies and many other similar studies are

important to anthropology in that they aid in the interpretation of
fossil and archeological data, and in the understanding of the
complex interrelationships of primate ecology, morphology, behavior,
and social organization.

In this regard analysis of the skeletal

remains of free-ranging primates, such as the Kenya baboon, that
have been observed in the field under more or less laboratory
conditions, may yield especially important information.

Angel, Lawrence J . , "Ecological Aspects of Palaeodemography."
in D. R.Brothwell (Ed.),
TheSkeletal Biology of Earlier Human
Populations.Oxford: Pergamon
Press, 1968. pp.
263-9.
2

i

3

m

Krogman, Wilton M . , "The Scars of Human Evolution."
Scientific American, CLXXXV (December 1951) pp. 54-6.
Schultz, Adolph H . , "The Occurrence and Frequency of Patholog
ical and Teratological Conditions and of Twinning Among Non-Human
Primates.” in H. Hofer, A. H. Schultz, and D. Starck (Eds.),
Primatologia. Basel: Basel Drucker-und Verlagsanstalt, 1956.
p. 978.
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Purpose

The following objectives are the purpose of this thesis:
1.

To test, in reference to the Kenya baboon, the validity of
Schultz’s hypothesis, that age, not locomotion or body size,
is the primary factor in determining fracture frequencies
in primates.1

2.

To analyze fracture, arthritic, and periosteal patterns and
frequencies in terms of baboon a g e , weight, ecology, behavior,
and morphology.

3.

To compare, when possible, the findings of this research on
skeletal pathology in the Kenya baboon to that of other
researchers of both non-human primates and human populations,
and to explain differences and similarities in findings.

4.

To perform a Harris's line radiographic analysis of pathology
on the tibias of each baboon skeleton, to interpret the results
of this analysis, and to evaluate the Harris's line method of
analysis itself.

5.

To examine the mechanism by which free-ranging baboons survive
serious injury while in a hostile environment.

Before proceeding with the investigation of these objectives, it
is necessary that background information be supplied about (1) the
evolution, morphology, and social behavior of the Kenya baboon,
(2) the nature of the skeletal collection and how the skeletons
were prepared for study, and (3) how the age of each animal was
determined.

1ibid.
3
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Background Information about the Kenya Baboon

The baboon is an Old World cercopithecoid monkey.

It is a

predominately terrestrial primate with moderate terrestrial speciali
zations , especially of the scapula, upper limb, and foot, and appears
to have descended from an arboreal quadruped during the Upper Plio
cene.*

Baboons move freely on the ground, with a typically digit-

grade forelimb stance, and they also move freely in the trees, where
at least 30% of their time is spent.

2

Ischial callosities aid these

animals in sitting in trees.
Baboons are large relative to other monkeys.

The live weights

of the male animals utilized in this investigation ranged from 38
to 63 pounds.

Sexual dimorphism is marked in the baboon, being\most

noticeable in (1) body size, the female weighing approximately half
as much as the m a l e , (2) in canine tooth size, the male having much
more robust canines, and (3) in the sexual skin on the buttock,
which swells greatly and is colored brightly in females during estrus.

2

Baboons have a 2N chromosome number of 42 and dental formula of —
12 3
— — — = 32, of which the first premolar is sectorial.
X

«

These animals

«/

are considered long-backed primates , since they typically have 7
lumbar vertebrae which is 2 more than the typically human and ape

*Jolly, Clifford J . , "The Evolution of the Baboons." in Harold
Vagtborg (Ed.), The Baboon in Medical Research, Vol. II, Austin:
University of Texas Press, 1967. pp. 24-48.

2

Napier, J. B. , and Napier P. H . , A Handbook of Living Primates.
London, New York: Academic Press, 1967. p. 225.
4
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number of five.*

Three fused vertebrae, however, compose the sacrum

of the adult baboon.
De Vore has commented on the longevity of the wild baboon.

2

A

baboon in the field of twenty years of age is considered quite old.
Baboons probably reach their prime of life somewhere between eight
and eleven years of age, continue it for four or five years, and
then go into a rather swift decline.

In captivity baboons have

lived as long as 48 years whereas there are probably few freeranging baboons over twenty years old.
In Kenya there are two types of baboons, the yellow and the
olive baboon, both of which appear to be members of a single poly3

typic species , Papio cynocephalus.

The distribution and ecology of

these animals in Kenya has been described by Maples.

4

The distribu

tion of these animals in Kenya is from sea level near the Indian
Ocean to about 9,000 feet, and the ecological areas they occupy are
varied, ranging from forested areas to savanna country to regions
cleared for farming.

Although the ecologies that these animals

*Benton, R . S ., "Morphological Evidence for Adaptations within
the Epaxial Region of the Primates." in Harold Vagtborg (Ed.), The
Baboon in Medical Research, Vol. II. Austin: University of Texas,
1967. pp. 201-2.
2
i
De V o r e , Irven, "Changes in the Population Structure of Nairobi
Park Baboons, 1959-1963." in Harold Vagtborg (Ed.) , The Baboon in
Medical Research, Vol. I. Austin: University of Texas Press, 1965.
p. 22.
3
»i
Maples, William R. , "An Analysis of the Taxonomic Status of
the Kenya Baboon (Papio doguera and Papio cynocephalus)." Unpublish
ed Doctor's dissertation, University of Texas, Austin, Texas, August
1967. pp. 102-15.
^loc. c i t . p p . 8-11.
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6
have adapted to in Kenya are varied, the baboons of Kenya typically
sleep in trees at night and must be close enough to a source of water
to water once or twice a day.

A more detailed discussion of ecolo

gies will be included in the section of this thesis entitled
Fractures and ecology.
Washburn and De Vore have described the social life and di it of
baboons in Kenya.1

Their description is based on observations made

in the Nairobi Game Park and the Amboseli Game Reserve.

The brief

comments about the social life and diet of baboons that follow are
based on their description.
Baboons eat almost entirely vegetable matter, although they do
eat meat on rare occasions.

Baboons have been observed eating bird

and crocodile eggs, newborn Thomson's gazelles, fledglings, and
insects.

The diet of the baboon, however, consists principally of

grass, fruit, buds , and plant shoots of many kinds.
The social behavior of the Kenya baboon is one of the species'
principal adaptations for survival.
which live in troops.

Baboons are social animals

These troops typically vary in average

membership from forty to eighty animals.

The troop provides pro

tection from predators and most of a baboon's life is spent within
a few feet of other baboons.

It is reported that once a baboon is

separated from the troop his chances of death are high.

The troop

typically ranges an area of three to six square miles, but utilizes

Washburn, S. L., and De Vore, Irven, "The Social Life of
Baboons." Scientific American CCIV (June 1961), 65-7.
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7
only part of this area exclusively.

Observations indicate that,

although the pace of a troop is net rapid as it moves through its
daily activities, the troop will not wait for sick or injured
members.

Also , there appears to be no sharing of food among troop

members.
The adult males of the troop are organized into a dominance
hierarchy.

Status in the hierarchy depends on physical condition,

fighting ability, and codominant relationships with other males since
these animals often act in concert to back each other up.

Hie

function of the dominance hierarchy is to protect the weaker members
of the troop from harm.

The dominant males usually stop fights that

occur within the troop and defend the troop against predators from
wi thout.
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How the Skeletons Were Collected
and Processed for Osteological Study

The baboon skeletons used in this investigation are the property
of William Maples, Ph.D., formerly of Western Michigan University.
The collecting and preparation of the skeletons have been described
by Maples.1
Between the years 1964 and 1966 Maples and his African assist
ants trapped and shot wild baboons from various locations in Kenya.
The baboons were of two physical types, the olive and the yellow
baboon.

An animal history form was kept which recorded information

about the capture and processing of the animals.

Information such

as the date, place, and weight at capture was recorded.

Capture

sites were also recorded on maps and given names of nearby geograph
ical features.

Table I (p. 9) is an abbreviated table of animal

histories.
Of the baboons collected 43 adult or nearly adult males were
selected for osteological study.
macerated.

Each animal was skinned and then

Maceration consisted of stripping the soft tissue from

the skeleton as much as possible with a knife and then boiling.
Each skeleton was boiled in its own container to prevent mixing of
bones and after several days of slow boiling the skeletons were sun
dried.

To aid in the identification of animals metal tags were

attached to the zygomatic arch of each animal and were stamped with

^op. cit., pp. 13-20.

8
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9
TABLE I
ANIMAL HISTORIES
Animal
Number

Capture Site

Capture Weight (lbs.)

M 1
M 2
M 3
M 4
M 5
M 6
M 7
M 8
M 9
M10
Mil
Ml 2
Ml 3
Ml 4
M15
Ml 6
Ml 7
M18
Ml 9
M20
M21
M22
M23
M24
M25
M26
M27
M28
M29
M30
M31
M32
H33
M34
M35
M36
M37
M38
M39
M40
M41

Ewaso Ngiro
Ewaso Ngiro
Ewaso Ngiro
Ewaso Ngiro
Ewaso Ngiro (shot)
Amboseli
Amboseli
Ewaso Ngiro
Ewaso Ngiro
Ewaso Ngiro
Ewaso Ngiro
Ewaso Ngiro
Ewaso Ngiro
Ewaso Ngiro
Kimana
Ewaso Ngiro
Ewaso Ngiro
Kimana
Amboseli
Ithumba Hill
Ithumba Hill
Ithumba Hill
Simba Springs
Simba Springs
Simba Springs
Kimana
Mitl Mingi
Kimana
Kimana
Kimana
Kimana
Kimana
Kimana
Kimana
Diani Beach (shot)
Roka (shot)
Darajani (shot)

M42

Tanzania

M43

Darajani

52.0
55.0
44.5
50.0
50.5
40.0
51.0
54.5
52.5
49.0
51.0
41.0
46.0
54.0
38.0
52.0
54.0
No datum (Collected by
45.0
team)
51.0
48.0
49.0
57.5
46.0
50.0
42.0
52.0
47.5
48.0
47.0
59.0
41.5
57.0
51.0
54.5
58.0
63.0
46.0
43.5
50.0
No datum (Collected by
trapper)
No datum (Collected by
trapper)
No datum (Collected pr:

frimnnn
gj Tnann

Kimana
Tanzania
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an "M" number.

Later, the appropriate "M" numbers were printed on

the bones o£ each skeleton.

My examination of this material revealed

that some (a very small number) of the bones may have been injured
during the maceration process. These were mainly cracked cervical
vertebrae accompanied by knife marks.
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How the Skeletons Were Classified as to Age

In order to test the hypothesis of Schultz and to elucidate
the patterns and frequencies of the various skeletal pathologies, it
was necessary for me to classify each animal according to its rela
tive age.

The 43 skeletons were divided into 5 age groups.

These

age group classifications were based on dental wear, endocranial
suture closure, and the occurrence of unossified long bone epiphyses.
The third molars of all the animals were erupted indicating that the
minimum age of the youngest animals was late adolescence.
To classify the baboons into age groups the skulls of the
baboons were ranked into relative age groups by two methods.

First,

the skulls were ranked according to the degree of endocranial
closure of the coronal suture.

Then the skulls were ranked according

to the degree of dental wear.
There was generally good agreement between the two methods of
ranking.

Although skull placement in the two systems of ranking was

not exactly the same, the skulls did fall into the same general
groupings with less than six skulls ranked in obviously conflicting
groups.

In the case of conflict in rank, dental wear was accepted

as the more valid diagnosis of age for three reasons.

First, the

degree of endocranial suture closure was much more difficult to
assess than dental wear.

It was difficult to observe the coronal

suture on the inside of the skull and there was individual vari
ability as to which parts of the coronal suture would occlude first.

11
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Secondly, often in cases of conflict in rank, dental wear was in
closer agreement with other indicators of ag e , such as the extent to
which canine teeth filled their sockets or the extent to which the
third molars had erupted.

Thirdly, ranking according to the degree

of dental wear presented a more gradually progressive and orderly
pattern of ranking.
It was discovered that the skeletons fell into the following
five more or less natural age groups:
Age Group I -

This group of animals is the youngest
age group of the collection.
Its
members are either late adolescents
or very young adults. The teeth of
these animals are all erupted and show
very little attrition. These animals
have one or more long bones with un
attached epiphyses. Four animals were
classified into this age group, M - 2 ,
M-15, M-19, and M-41.

Age Group II -

This group of animals is older than
Age Group I but younger than Age
Group III. Its members can be con
sidered young adults. The teeth of
these animals are all erupted .and
all long bone epiphyses are solidly
attached and at least partly fused.
The crests on the crowns of some
of their teeth are worn a little,
and the depressions formed on the
crests by this wear do not meet.
Also, canine teeth do not completely
fill their sockets. Twelve animals
are included in this age group, M-3,
M - 4 , M-7, M - 8 , M - 2 3 , M - 2 4 , M-28 , M-29,
M-32, M-36, M - 3 7 , and M-40.

Age Group III -

This age group is older than Age
Group I I , but younger than Age Group
IV. Its members could be considered
as adults approaching middle age.
The teeth of the animals in this age
group are more worn than the animals
in Age Group II. The upper molars

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of many of the animals in this group
have their medial surfaces worn to
the extent that medial crests are
gone and wear depressions coalesce.
Lower molars have worn buccal crests
and wear depressions. Ten animals
are included in this age group, M-14,
M-16, M-17, M-18, M - 2 2 , M - 2 5 , M-26,
M-27, M-30, and M-31.
Age Group IV -

This age group is older than Age
Group III but younger than Age
Group V. Members of this age
group may be considered older
than middle age but not yet senile.
Endocranial coronal sutures are more
closed in this age group than in Age
Group III. Dental attrition is also
greater and the degree of wear in
different animals is more heterogeneous
than in Age Group III. Many animals
of this group have broken canines and
some animals have wear depressions
that cover the entire occlusal surface
of the tooth. Nine animals are in
cluded in this age group, M - l , M - 5 ,
M - 6 , M - 9 , M - 2 0 , M- 3 3 , M - 3 5 , M-39, and M43.

Age Group V -

This is the oldest age group, its mem
bers may be considered in old age or
senile. The endocranial coronal
sutures are completely closed in nearly
all the animals of this age group.
Many canine teeth are broken and dental
wear is very extensive. Wear depressions
cover nearly the entire tooth crown on
nearly all the teeth of these animals.
Eight animals are included in this age
group, M-10, 11-11, M - 1 2 , M - 1 3 , M-21,
M-34 , M - 3 8 , and M-42.
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CHAPTER II

ANALYSIS OF PATHOLOGY BY GROSS INSPECTION

Fractures

The identification of fractures

In examining the baboon skeletons for pathology, the bones
of each skeleton were inspected.

Each skeleton was inspected for

nearly an hour on three different occasions.

This was done to

refine the criteria of diagnosis of pathology and to check for
consistency of such criteria.
fied by callus formation.

Fractures could usually be identi

However, X-rays were taken to confirm

questionable fractures, and the advice of physicians at Western
Michigan University’s Health Center was obtained in the identi
fication of questionable pathology.

Although these precautions

were taken to ascertain an accurate assessment of bone fractures
and other pathology, some probable bone fractures could not be
positively identified as fractures.

These probable fractures were

nevertheless, considered as fractures.
Of the 43 baboon skeletons in Maples' collection, I excluded
three from pathology assessment, M-6, M-18, and M-32.

M-18 was

excluded because its bones were a composite of bones from several
animals.

M-6 and M-32 were excluded because the extent of post

mortem injuries to their bones was too difficult to positively
14
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assess.

Also excluded from the assessment of pathology were the

distal phalanges of the mantis and pes of all animals.

These small

bones were excluded from evaluation of pathology because many
animals had missing distal phalanges.

Fractures and age

The findings of this research indicate that age is an important
factor in determining the frequency of fractures in baboons.

It was

found that the younger the age group of the animal the fewer the
average number of fractures per animal.

Table II (p. 16) illustrates

that Age Group I had, on the average, 2.3 fractures per animal; Age
Group II, 3.4; Age Group III, 3.9; Age Group IV, 5.9; and Age Group
V, 6.0.

Table II also indicates that, generally, the older the age

group the greater the percentage of animals in the age group with
one or more fractures.

In Age Group I , 75% of the animals had frac

tures; in Age Group II, 82%; in Age Group III, 78%; and in Age Groups
IV and V, 100%.
The distribution of the number of locations at which fractures
occur in the skeleton also increases with age.

Table III (p. 17)

divides the skeleton into 24 anatomical divisions, such as phalanges,
skull, or clavicle, and illustrates the distribution of fractures at
these anatomical locations in each age group.

It will be seen that

the number of different kinds of bones fractured generally increases
from Age Group I with seven different kinds of fractured bones to
Age Group V with 20.
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TABLE II

Animal
Number
M 1
M 2
M 3
M 4
H 5
M 7
M 8
M 9
M10
Mil
Ml 2
M13
Ml 4
M15
Ml 6
Ml 7
Ml 9
M20
M21
M22
M23
M24
M25
M2 6
M27
M28
M29
M30
M31
M33
M34
M35
M36
M37
M38
M39
M40
M41
M42
M43

FRACTURE FREQUENCY AND AGE
Age Groups
III
V
I
II
IV
16
4
0
2
2
4
6
1
5
6
14
6
25
2
0
1
0
7
6
0
2
1
2
2
1
*>
0
2
2
4
3
7
12
2
3
6

Percentage of animals
with fractures-------- 86.5%

5
3
5
9
4
2.3
3

37
11
3.4
9

35
9
3.9
7

4
47
8
5.9
8

75%

82%

78%

100%

Average number of
fractures per animal—

48
8
6
8

4.4

Total number of fractures
Total number of animals
Average number of fractures
Total number of animals in each
age group with fractures
100%Percentage of animals in each
age group with fractures
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TABLE III
DISTRIBUTION OF FRACTURE LOCATIONS

I

+

+
+
+

Age Groups
II
IV
III
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+

+

+
+
+

+
+

V
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
7

+
11

+
10

+
+
14

+
+
+
+
+
20

4

11

9

8

8

Skull (Includes mandible)
Ribs
Sternum
Cervical vertebrae
Thoracic vertebrae
Lumbar vertebrae
Sacrum
Caudal vertebrae
Clavicle
Scapula
Humerus
Radius
Ulna
Carpals
Metacarpals
Ilium
Ischium
Pubis
Femur
Tibia
Fibula
Tarsals
Metatarsals
Phalanges
Number of different types
fractures
Number of animals in each
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The frequency of single and multiple fractures in this baboon
collection conforms to the general pattern of increasing frequency
of fracture with increasing age.

Graph I (p. 19) illustrates that

as age increases the percentage of animals in each age group with
one, five, and ten or more fractures also increases.

Age Group III

which interrupts the progressive pattern has only one animal, M - 1 4 ,
with more than two fractures.
The findings that have been illustrated here concerning the
frequency of fractures and age are in agreement with the findings of
Bramblett who has analyzed the distribution of fractures in baboons
from the Darajani area of Kenya.*

However, the percentage of frac

tures is somewhat higher in Maples' collection.
Three explanations may
in fractures with age.

One

be advanced to account
explanation is that

to old age its bones become more easily

for the increase

as an animal matures

broken.In old age bones

2

lose their elasticity and become brittle and more liable to fracture.
3

Bone also may become more porous in older individuals.

The second

explanation is simply that older individuals have a longer time in
which to accumulate fractures.

A third explanation is that as an

adult male baboon matures toward old age his rank in the dominance

^Bramblett, Claud A., "Pathology in the Darajani Baboon.”
American Journal of Physical Anthropology, XXVI (May 1967) , 332.
2
Schaeffer, Parsons J. (Ed.), Morris' Human Anatomy.
McGraw-Hill Book Co., 1953. p. 91.

New York:

3

Key, John A . , and Conwell, H. H . , The Management of Fractures,
Dislocations and Sprains. St. Louis: The C. V. Mosby Company, 1956.
p. 141.
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hierarchy increases and consequently he exposes himself to greater
risks while controlling and protecting the weaker members of the
troop.

Bramblett's analysis of the age-sex distribution of frac

tures in adult Darajani baboons lends support to this explanation.^
His information indicates that for female baboons there is little
change in the percentage of fractures between young and old adult
age groups while for males the percentage of fractures greatly
increases between young and old adult age groups.

Since female

baboons generally do not control or protect the troop from predators,
the great increase in the percentage of fractures between young and
old adult males may be the result of the maturing male's increasing
role in controlling and defending the troop.

Fracture pattern and age

Graph II illustrates for each age group the changes in the
pattern of distribution of fractures at selected anatomical regions
of the body.

The line labeled axial skeleton represents the per

centage of fractures in each age group that are attributed to
fractures at the axial skeleton.

Bones composing the axial skeleton

are the skull, ribs, sternum, spine, sacrum, and caudal vertebrae
including chevron bones. The lines labeled appendicular skeleton,
presacral vertebrae, phalanges, and caudal vertebrae, also represent
the percentage of fractures at these anatomical regions in each age

*op. cit., p. 332.
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group.

Included in the category of appendicular skeleton are all

the bones of the body not included in the axial skeleton.

Because

the bones of the skeleton belong either to the axial or appendicular
skeleton, the curves for these two lines are the inverse of each
other.

Bones composing the category of presacral vertebrae are the

cervical, thoracic, and lumbar vertebrae.

The region designated as

caudal vertebrae includes all the bones of the tail, including the
chevron bones, and the region designated as phalanges includes all
the phalanges of the manus and pes combined.
The graph shows that in Age Group I fractures to the axial
skeleton are less frequent than fractures to the appendicular
skeleton.

Caution must be used in accounting for the fracture

pattern in this age group because it is so small.

A fractured

clavicle helps to account for the higher frequency of fractures to
appendicular skeleton in this young age group.

Although fractures

of the human clavicle occur with especially great frequency in
childhood,* fractures of the clavicle in male baboons may not be
typically related to youth since 5 of the 6 fractured clavicles
in Maples’ collection occur in the adult Age Groups III and V.
Bramblett indicates that, while an infant female has a fractured
clavicle, only the old adult males have fractured clavicles.

2

*Key and Conwell, op. cit., p. 332

2

op. cit., p. 333.
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Also,

In proceeding to Age Groups II and III it is noticed that there
is a large increase in the relative frequency of fractures

to the

axial skeleton.

to the

An increase in the frequency

of fractures

presacral spine helps to account for this situation.

Also effective

ly contributing to the increase in the frequency of injuries to the
axial skeleton are rib injuries.

These rib injuries appear to be

age-related and may be attributed to the loss of elasticity in the
adult baboon rib, since Key and Conwell report, in reference to
humans, that rib fractures occur mainly in adults and seldom below
the age of puberty because of the elasticity of the young rib.^Falls, crush injuries, and severe blows typically cause human rib
fractures

2

and a similar causation in baboons

is probable,

as baboons

are exposed to falls from trees and in certain areas possible injury
from wildlife or farmers protecting their crops.
been observed to cause rib fractures to baboons.

Also, snares have
3

In Age Group IV there is a decline in the percentage of frac
tures to the axial skeleton and a consequent increase in the propor
tion of fractures to the appendicular skeleton.

The decrease in the

percentage of fractures to the axial skeleton is mainly the result of
a decrease in the percentage of ribs fractured and an increase in the
general spread of distribution of fractures to the appendicular

^op. cit., p. 302.

2

loc. cit., pp. 301-2.

3

Maples (Personal communication), Department of Anthropology,
University of Florida, Gainesville, Florida, 1969.
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skeleton.

Since the appendicular skeleton may possibly be more ex

posed to injury from predators than the axial skeleton, the increase
in the spread of fractures at the appendicular skeleton may in part
reflect an increased role in the dominance hierarchy and troop
defense of the males in this age group.

In Age Group IV a fractured

radius is encountered for the first time.
distal end of the shaft.

The fracture occurs at the

The occurrence of this fracture is probably

associated with the loss of elasticity in bone with age, as fractures
of the distal radius occur especially often in people beyond middle
age, usually resulting from falls on the outstretched hand.*
ated with the fractured radius were two fractured carpals.
the carpals was the scaphoid bone.

Associ
One of

Fractures of the scaphoid bone

associated with fractures of the distal radius also typically occur
in older people.

2

In Age Groups III and IV fractures to the presacral spine occur
in their maximum number and percentage for the entire collection.
The high frequency of fractures to this anatomical region is probably
indirectly due to senile atrophy.

This is a condition in which bones,
3

such as the vertebral bodies, become brittle and porous.

The direct

cause of these fractures to the spinal column are probably falls
from trees.

Most of these fractures to the spine are compression

*Key and Conwell, op. cit., pp. 585-7.

2

loc. cit., p . 618.

3

loc. cit., p. 141.
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fractures, often involving a series of five or more contiguous
vertebrae which may become fused solidly together.
Plate I.

See M-14 in

That wild animals could survive such injuries and for

healing to take place seems very remarkable.

However, this situa

tion is made more understandable in the light of medical knowledge.
Key and Conwell assert that the body of the vertebrae being of
cancellous bone and having an abundant blood supply tend to heal
rapidly after fracture, and that even severe compression fractures
may heal by fusion and leave patients free from symptoms.*
In Age Group V, fractures to the axial skeleton have sharply
declined.

This low percentage of fractures is mainly the result of

a sharp decline in die number of fractures to the presacral verte
bral column.

Only two baboons in Age Group V have fractured pre-

sacral vertebrae and neither of these fractures is a fracture of
the vertebral body.

To account for the low number of fractures to

the presacral spine in this oldest age group, I suggest that old
baboons with broken and badly worn teeth and other ailments could
hardly keep up with troop and feed themselves If they had crippling
back injuries,and consequently these animals may have been eliminated
by predators before they matured to this very old age group.
The line representing fractures to the phalanges is uneven.
The unevenness of the line is probably the result of fluctuation in
the relative frequency of other types of fractures.

*loc. cit., pp. 226-7.
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The line labeled caudal vertebrae reveals that the relative
frequency of fractures to the tail decreases as age increases.

This

situation is best explained by alluding to the tail biting behavior
of dominant males.

As a method of enforcing social control the tails

of females and the younger baboons may be bitten by dominant males.
This tail biting behavior of the dominant males, it seems, would be
the major source of fractured caudal vertebrae.

Fractures of the

caudal vertebrae of males would therefore occur primarily before
adult life and would thereafter decrease in percentage as a conse
quence of the accumulation of other types of fractures during adult
life.

Fractures and ecology

This section on the relationship between fractures and ecology
is in no way intended to describe in detail the various ecologies
from which these baboons have been collected.

The ecologies of

these animals have been described by Maples.'*'

This investigation

will, however, examine those aspects of environments which express
themselves functionally in terms of number, kind, and pattern of
fractures.
The baboons of Maples' collection came from several localities ,
eight in Kenya, and one in Tanzania (see map).

The eight localities

in Kenya are the Coast, Ewaso Ngrio, Kimana, Ithumba Hill, Simba
Springs, Miti Mingi, Darajani, and the Amboseli Park Reserve.

The

^op. cit., pp. 34-59.
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two baboons from Tanzania, M—41 and M —42, will not be considered in
this section because these animals were given to Dr. Maples by
professional trappers and their ecologies are unknown.
Only one animal, M-27, was taken from the Miti Mingi area.
Miti Mingi is a ranch approximately 85 air miles northwest of
Nairobi and at an altitude of about 7,500 feet.
fracture, an unhealed fractured left rib.

M-27 had only one

Maples has told me that,

at capture, M-27 had severe cuts in the chest and back and under
the arms indicating M-27 was previously caught in a snare.

The

fractured rib can be attributed to being caught in a snare.
Although the altitude of Miti Mingi is about 7,500 feet above
sea level and the altitude from which other animals were collected
may vary to as low as sea level on the coast, altitude differences
probably had little effect upon the healing of fractures in these
animals.

Research on World War II soldiers indicates that fractures

occurring above 10,000 feet take longer to heal than fractures
occurring at lower altitudes, if the fractured individual is not
acclimated to the high altitude for nine months or more.^

Since

baboons usually live within the same 3 to 6 square mile range all
their lives, it seems reasonable that they are more or less accli
mated to their altitude and that altitude will have little effect on
the healing of their fractures.

, "Healing Time Affected by High Altitude." Science
News Letter, XLVII (January 13, 1945), 31.
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Fourteen baboons were collected from the Ewaso Nglro area.

This

area is 55 air miles southwest of Nairobi and is five miles east of
the western wall of the Rift Valley.
flows through this area.

A large river, the Ewaso Ngiro,

Swamps and two small spring fed rivers are

located west of the Ewaso Ngiro- River in this area.

These rivers and

small springs give the land west of the Ewaso Ngiro a more than ade
quate water supply.

Gallery forests often containing giant fig trees

line these rivers.
Maples has remarked about the behavior of baboons in this area.^
The baboons appeared to be concentrated along the rivers.

They slept

in the large fig trees along the rivers and spent a considerable por
tion of the daytime in these trees.

The underbrush in this area was

very thick, possibly forcing the baboons into the trees.

The baboons

were also observed feeding on the fruit of the fig trees.
The 14 baboons from this area had the highest average number of
fractures per animal in the eight ecological groups investigated.
Many animals had severe injuries.
fractures.

Seven animals had five or more

Notable are M-12 with 14 fractures, M-l with 16 frac

tures, and M-14 with a remarkable number of 25 fractures.

Compres

sion fractures of the presacral spine in this group indicate that
these animals may have fallen from heights, since this type of frac
ture also occurs in the basically similar human spine and Key and
Conwell report that in the majority of these human cases fractures axe

1op. cit. , pp. 38-39.
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the result of automobile accidents or falls, usually from heights.*
M-14 has crushed articular surfaces of the distal left femur and
proximal left tibia indicating a severe fall and landing on the left
foot.

Crushed ribs and sternum also indicate that this animal fell

and landed on his chest, and two broken clavicles indicate still
another fall and landing on outstretched^ hands. However, the
anatomy of the baboon's shoulder suggests that it is also very
possible that the ribs, sternum, and clavicles were broken in the
same fall.
M-12 has 14

fractures distributed over its body.

Plate I (p. 26)

illustrates some

of M-12's fractures.

Several of M-12's fractures

appear to be the

result of a fall or a series of falls.

Three ex

amples of fractured bones that reveal falls are the left calcaneous,
which is broken into 3 pieces, and the right ulna and radius.

Since

a fracture of the human calcaneous typically results from a fall,

2

from a height, and landing on the h e e l ,

and fractures of the human

radius and ulna of the same arm may result from a fall and landing
3

on the outstretched hand or forearm,
tures occurred in different falls.

it is possible that these frac
However, the baboon is a quad

ruped and it is also quite possible that all 3 bones were broken in
the same fall.

*op. c i t . , p . 203.

2

Stimson, Barbara B . , A Manual of Fractures and Dislocations.
Philadelphia: Lee and Febiger, 1947. p. 203.
3

Key and Conwell, o p . cit., p . 559.
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Animals M - l , M-12, and M-14, plus several more animals of the
Ewaso Ngiro area illustrate rather clearly the functional relation
ship between behavior and environment in the Ewaso Ngiro ecology.
It is both the great height of the trees from which these animals
fell, and the great amount of time these animals spent in the trees,
exposing themselves to falls, that accounts for much of the skeletal
pathology in this ecological group.

Age is also a factor since seven

of these animals are in Age Groups IV or V.
Two animals were trapped in the Amboseli Game Reserve, M-7 and
M-19.

Although much of the reserve is arid, the northeastern portion

of the reserve is amply watered by springs producing extensive swamps.
The concentration of wild life in this area is quite dense.

At night

the baboons sleep in trees close to swamps and during the day they
spread over drier areas in search of food.

The pathology of M-7 and

M-19 reflect no particular aspect of the environment, such as the
high concentration of wild life, however, M-7 has a broken tibia and
ulna which may be the result of falls.
M-7's fractured tibia.

Plate II (p. 33) illustrates

Young M-19 has no fractures.

Eleven baboons were trapped in the Kimana area.

This area is

about twenty miles east of the Amboseli Game Reserve and is basically
swamp.

The ecologies cf the Amboseli and Kimana areas are practi

cally identical except that man lives in the Kimana area and the
baboons raid his crops.

The number of predators and other large

mammals (buffalo and rhino) is probably the same.

Dr. Maples has

told me that he observed the baboons in this area, as in the Amboseli
area, to spend relatively little time in trees except for sleeping.
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The baboons of the Kimana area had an average of 2.9 fractures
per animal, which is less than half of the average number of frac
tures of the baboons of the Ewaso Ngiro area.

The

number of

fractures in any animal was six, and eight animals had less than four
fractures each.

Only one animal, H-28, had a compression fracture

to the presacral vertebral spine.

Two animals, M-28 and M-15, had

compression fractures of the sacrum, possibly indicating falls on
the buttocks early in life before the three vertebrae that form the
sacrum became solidly ossified.
broken clavicle apiece.

Two animals, M-15 and M-38, had a

Human clavicles are usually broken by the

indirect trauma of a fall on the outstretched arm, however, less
frequently they are broken by a direct blow.*

It is quite possible

that these broken clavicles and some of the other fractures in this
group are not the result of falls but are the result of blows from
farmers defending their crops.
blade.

M-38 has a fractured right iliac

Since fractures to the wing of the human ilium are rare and

are almost always the result of direct trauma,

2

and the baboon ilium

is even less exposed, it is possible that this fracture in M-38 was
Inflicted by a person yielding a weapon.

M-39, also, shows trauma

«r

that might be the result of farmer retaliation.

This animal has a

zygomatic bone that shows evidence of being temporarily freed from
its articulations with adjacent bones, possibly by a blow.

*Stlmson, op. cit., p. 59.

2

loc. cit., p. 151.
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The fractures in this group of animals reflect trauma of falls
from trees and possibly blows by people.

The low average number of

fractures in this group is probably related to the relatively little
time these baboons spent in trees.

It should also be noted that as a

whole this area group was not particularly young.
Two animals, M-35 and M-36, were shot on the Kenya coast at
Roka and Diana Beach.

Both animals have compression fractures of

the presacral spine.

These fractures are apparently the result of

falls from a height, possibly from trees at the forest edge in this
area.

Both animals also have injuries that may have been inflicted

by farmers as the baboons fled from their cornfields.

Notable is

M-35 which has a fracture of the superior angle of the right scapula.
Injuries to the scapula, in humans at least, are usually the result
of direct violence such as a blow.1

Since large game mammals are

practically absent in this area, injuries from game animals are
unlikely.
Only two animals were collected -from the Darajani area, M-43
with four fractures and M-37 with two fractures.

This area is

fairly typical savanna country with regions of stunted Acacia growth
and grassland, and is heavily populated with large mammals such as
oryx, waterbuck, cape buffalo, rhinocerious, and elephant.

Since

Bramblett has analyzed the skeletal pathology of 60 baboons of all
ages and both sexes from this area, his conclusions, that are perti
nent to this discussion on ecology, will be given here.

He attributes

^loc. c i t ., p. 64.
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the fractures in his study to falls from trees, and asserts that
actual physical contact during fights is an unlikely source of
broken bones , but that chases that accompany arboreal fights or
displays may result in falls and injury.*
Three baboons , M - 2 3 , M- 2 4 , and M - 2 5 , were trapped in the
Simba Springs area, which is about 80 miles southeast of Nairobi.
This area is mainly savanna and Maples has told me that the baboons
in this area probably spend relatively little time in trees.

Maples'

suggestion may account for the very low average of 1 2/3 fractures
for the three baboons , although none of the animals were old enough
to be in Age Groups IV or V.
Baboons M-20, M - 2 1 , and M-22, were collected from the last area
to be considered, Ithumba Hill.

Ithumba Hill is a large hill about

10 miles north of the Simba Springs area.

It has heavy vegetation,

with grass, small shrubs, vines, and scattered deciduous trees.
hill is a rocky area with cliffs.

The

This particular aspect of the

environment is especially reflected in the fracture pattern of M-20.
M-20 has a Colles' fracture of the left forearm, and fractured hand
and foot bones.

This fracture pattern is similar to that described

by Roney for a collection of skeletons of Indians who lived during
the first millineum B.C. at Bodga Harbor, California.

2

Roney

suggests that the fracture pattern in these Indians may be due to
falls in the rocky coastal environment where these Indians carried

*op. cit., p. 337.

-

—

2

op. cit., pp. 99-107.
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out their hunting-fishing-gathering activities.

It would seem that

the fracture pattern of M-20 may also be attributed to falls in the
rocky environment of Ithumba Hill.
M-22 has no fractures and M-21 has six fractures._ Two,of M-21's
fractures can be diagnosed as probably not caused by falls, a frac
tured left zygomatic bone and a puncture fracture of the right
maxillary bone.

This animal may have been severely bitten by

another male baboon or some animal with equally large canines since
the position of the fractures correspond well with the position of a
male baboon's canines when a male skull is held over M-21 in the
apparent biting position.

Fractures and size as revealed by weight

The relationship between size and skeletal pathology is diffi
cult to assess, and this section on fractures and weight will be
only a crude analysis of the problem.
To help understand the relationship between weight and skeletal
pathology, a weight curve was plotted for the five age groups.
Graph III (p. 38) shows the average weight for each age group.

Age

Group I has a lower average weight than any of the adult age groups.
This situation is best explained by the fact that the baboons in
this age group are not adults and are still growing and have not
reached their adult weights as have the baboons in the older age
groups.

Age Group V has the lowest average adult weight.

The

baboons in this age group are quite old and many of these animals
suffer from severe dental attrition, arthritic lesions, and other
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pathologies not revealed by the skeletal system.

This condition

coupled with a high incidence of fractures would certainly interfere
with the food getting and digesting capacities of these animals and
cause them to lose weight and to consequently weigh less, on the
average, than other adult age groups.
Although Schultz has asserted that size is not a primary factor
in determining the frequency of fractures in primates,1 the findings
of this research on the Kenya baboon does indicate that size, as
revealed by weight, is a factor to be considered.

Graph IV (p. 40)

helps to elucidate the relationship between fractures and weight.
The solid line on the graph represents the frequency of fractures
for each age group.

The dashed and dotted lines represent the aver

age number of fractures for the heavier and lighter animals in each
age group, respectively.

To decide if an animal was to be considered

a heavier or lighter animal for its age sroup, the average weight for
each age group was computed and if an animal weighed more than the
average weight for its age group it was considered a heavier animal.
If the animal weighed less than the average for its age group, it
was considered a lighter animal. The average number of fractures
for the heavier

animals in each age group was then computed and

plotted on the graph as
lighter animals

was the average number of fractures for the

in each age group. Although there are only a few

animals in eachage group and it is dangerous to extrapolate
interpretations from too small a sample, the procedure I am using
here, I believe, does show real relationships.

1op. cit., p. 978.
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The graph indicates that up to and including Age Group IV
the heavier animals in each age group have, on the average, a
greater frequency of fractures than the lighter animals.

Why the

heavier baboons in each age group have on the average more fractures
than the lighter baboons is difficult to explain, and the literature
on the relationship between fractures and weight is limited.

How

ever, while other explanations are quite possible, one explanation I
suggest is that the heavier animals are more likely to fall out of
trees because of their heavier weight and injure themselves.

Another

explanation is that the heavier males may have been the more dominant
males and consequently may have had greater exposure to injury while
controlling and defending the weaker members of the troop from
predators.
In the oldest age group it is the lighter animals, on the
average, which have the greater frequency of fractures.

The best

explanation for this situation is that animals with severe dental
attrition have difficulty initiating the first stages of digestion
and are therefore more affected by the incapacitating effects of an
accumulation of fractures than animals with less worn dentitions.
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Arthritis

Occurrence of arthritis

Hoodie has noted that arthritis is especially common in
Pleistocene mammals ,* and catarrhine primates appear to be no excep
tion.

Schultz has summarized the research on the incidence of arth-

ritic - like bone changes in contemporary non-human primates.

2

His

findings Indicate that clearly identifiable cases of arthritis have
not been found in prosimians or New World monkeys, but are limited
to catarrhines, where arthritis may become very common.
Bramblett asserts that 24 of 61 (39.3%) Darajani baboons of all
ages and both sexes had arthritic - like diseases,

3

and Schultz

reports to have identified definite arthritis in two out of 15
(13.3%) wild baboons of apparently all ages and both sexes.

4

I

have identified arthritic - like changes in 16 out of 40 (40%) adult
and nearly adult male baboons in Maples' collection.

The discrepan

cies between the percentages of these three investigations are most
likely the result of three factors, (1) differences in sex and age

^Hoodie, Roy L . , "General Considerations of the Evidences of
Pathological Conditions Found Among Fossil Animals." in Don
Brothwell and A. T. Sandison (Eds.) Diseases in Antiquity.
Springfield: Charles C. Thomas Publisher, 1967. p. 41.

2

op. cit., pp. 970-1.

3

op. cit., p. 334.

4

op. cit. , p. 970.
42
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compositions of skeletal collections, (2) real difference in occur
rence of arthritis, perhaps because the animals came from different
environments, and (3) because each investigator may have used some
what different diagnostic criteria for identifying arthritis.

My

criteria ranged from rather moderate lipping to extensive arthritic like bone changes.

Schultz may have considered unequivocal cases

only.
Table IV (p. 44) illustrates the close association between arth
ritic bone changes and age in the Kenya baboon.

The table reveals

that the number of arthritic bone lesions per age group greatly
increases as old age is approached and that the percentage of
animals in each age group with arthritic lesions also greatly
increases in old age.

Note that no animal in Age Group I has arth

ritic bone changes and that M-21 in Age Group V has 51 bones with
arthritic changes.

Plate II (p. 33) reveals arthritic changes in

the pelvis of M-21 at the pubic symphysis, acetabulum, and sacroiliac
joint.

Arthritic changes are closely associated with age and Bourke

even asserts, in reference to humans, that arthritic changes can be
used as aging criteria. *■
Table V (p. 45) gives the distribution of arthritic changes in
the vertebral column and the joints of the body for each age group.
The table illustrates that if an animal has arthritic bone changes
that the vertebral column will nearly always be affected, and that

*"Bourke, J. B., "A Review of the Palaeopathology of the Arth
ritic Diseases." in Don Brothwell and A. T. Sandison (Eds.), Diseases
in Antiquity. Springfield: Charles C. Thomas Publisher, 1967. p.
352.
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TABLE IV

Animal
Number
M 1
M 2
M 3
M 4
M 5
M 7
M 8
M 9

ARTHRITIS AND AGE
Age Groups
I
II
III
IV
V
32
0
0
0

13
0
0
0

10.0

21

Mil
Ml 2
M13
M14
Ml 5
Ml 6
Ml 7
Ml 9
M20
M21
M22
M23
M24
M25
M26
M27
M28
M29
M30
M31
M33
M34
M35
M36
M37
M38
M39
M40
M41
M42
M43

48
41
12
0
0

15
0
0
10

51
0
0
0
0
0
0
0
0
0
0

4
9
6
0
1
2
0
0
0

32
2
0

1

15

67

4

11

8

0

.09

9
1.7

0

1

1

6

0%

9.1%

11 .1%

75%

8.4

216 Total number of bones with
arthritic lesions
8
Total number of animals
27 Average number of bones affected
8
Total of animals with arthritis
100% Percentage of animals in each
age group with arthritis
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arthritic changes in the vertebral column occur most frequently in
the thoracic region.

The body joints most frequently affected are

the wrist, inter-phalangeal, hip (acetabulum), elbow, and lumbo
sacral.

The joints least affected are the temporomandibular, caudal,

knee, and pubic symphysis.

Discussion

The terms arthritis, arthritic changes, arthritic-like disease,
and arthritic lesion need to be discussed.

These terms, apparently

equivalents, are often used in the literature and are very compre
hensive and vague.

They are useful because they encompass different

types of pathology without requiring the investigator to be specific.
Nevertheless, to elucidate the relationship between occurrence and
causation of pathology it is necessary to examine some pathological
conditions that are encompassed by these terms.
Osteoarthritis is one of these pathological conditions.

Osteo

arthritis is present in Maples' baboon collection and the nature of
this pathology has been described by Wells.^

This condition affects

the joints, especially the large joints of the limbs and those be
tween the articular processes of the vertebrae.

In simple terms it

leads to the degeneration and erosion of the cartilage that covers
bone surfaces at joints and to the destruction or reactionary pro
liferation of the bone itself.

The causes of osteoarthiitis are not

fully understood; endocrine or metabolic diseases may be a factor,

^op. cit., pp. 59-60,
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but injury, especially repeated episodes of minor stress, is an
important factor in determining which joints will be affected.
Angel has also suggested that a genetic weakness or avascularity of
the affected joint plays a role in small and Isolated populations.*
Wells points out the significance of the occurrence of osteoarthri
tis.

He asserts that osteoarthritis and fracture frequencies are

complementary sources for assessing environmental stress, fractures
recording isolated injuries and osteoarthritis registering the

2

effects of strain over many years.

Two other arthritic conditions reported to be often confused
with osteoarthritis are rheumatoid arthritis and osteophytosis.

3

Rheumatoid arthritis is the localized expression of a generalized
body disorder.

It typically affects the small joints and involves

the ligaments and joint capsule more than the internal cartilage.
Osteophytosis is the name given to jagged excrescence of bone in the
joints of the limb bones or on the body of vertebrae near the upper
and lower anterior surfaces. Chronic strain and age are reported
to contribute to the onset of osteophytosis.

When severe enough,

osteophytosis may cause the fusion of several vertebral segments.
Plate III (p. 48) illustrates the presence of osteophytosis on the
vertebral bodies of M-l and M -21 and at the lumbosacral joint of
M-13.

1Angel, "Early Skeletons from Tranquillity, California," op.
cit. , p. 3.

2

op. c i t ., p. 60.

3 ibid.
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PLATE III

M-13

M-l

M-21
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If age and stress are indicated by arthritic changes, then,
it should be possible to measure the stress of different environ
ments by selecting baboons of the same age in different environments
and counting the occurrence of osteoarthritis and osteophytes.

Un

fortunately this procedure could not be tested on Maples'baboon
collection because of its small size.

However, it was possible to

find areas of stress in the baboon’s anatomy.
these areas of stress.

Table V reveals

In examining the presacral vertebral column

more closely, it was found that for the entire collection of 40
animals osteophytes occurred on the bodies of 47 thoracic vertebrae,
on 15 lumbar vertebrae, and on 10 cervical vertebrae.

It was also

found that osteoarthritis affected the articular processes of 31
thoracic vertebrae, 23 lumbar vertebrae, and 10 cervical vertebrae.
This information plus the fact that compression fractures occurred
most often in the thoracic region indicates that the thoracic region
of the baboon’s spine is generally, but not exclusively, the region
of greatest stress.

Stress may tend to be concentrated in the

thoracic region because of the baboon's quadrupedal long-back and
habitual modes of posture.
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Periostitis

Occurrence of periostitis

Periosteal lesions of four types were identified in Haples'
baboon collection:

(1) plaque-like deposits of bone on the bone

cortex, (2) porous thickenings involving the bone cortex, (3) smooth
elevations of dense bone, and (4) roughened swellings on the bone
cortex.

These different types of lesions may represent different

types of periosteal disease or different stages of the same disease.
Fifteen of 40 (37.5%) baboons examined in Maples’ collection
had periostitis.

Bramblett in his survey of pathology of the

Darajani baboon mentions only one animal with periostitis.*

This

animal had a very severe case of periostitis— much more severe than
any case in Maples' collection.

Whether this animal is the only case

of periostitis in Bramblett's collection is not stated.

However,

comparisons can be made with more complete reports of periostitis in
human populations.

Stewart, analyzing Hooton's survey of pathology

among the Indians of the Pecos Pueblo, indicates that 13 of 503
(2.6%) skeletons had periostitis.

2

Roney reports that nine but of

27 (33.3%) adult skeletons found at the Bodega Harbor site in Cali
fornia had periostitis, and that seven of the nine skeletons were

*op. cit., p. 335.
ii
Stewart, Dale T . , 'Some Problems in Human Palaeopathology."
in Saul Jarcho (Ed.) , Human Palaeopathology. New Haven and London:
Yale University, 1966. p. 48.
2
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males.

Roney’s information indicates that only the adults of the

Bodega Harbor site had periostitis.

In Maples’ baboon collection

also, it was only the adults that had periostitis.

However, it must

be noted that the collection is composed primarily of adults.

Age

Group I has no animals with periostitis; Age Groups II and III, 3;
and Age Groups IV and V, 5.
The distribution of periostitis to different bones in Maples'
collection is given in Table VI (p. 52).

It will be noted, that in

respect to the number of animals with periosteal lesions, the tibia
and metatarsals are the most frequently affected bones, next the
metacarpals, then the phalanges, radius, and ulna, followed by the
femur, fibula, and humerus, and least affected is the skull.

Discussion

Pertinent to an interpretation of the occurrence of periostitis
is a discussion of its etiology.
the periosteum covering a bone.
tion or trauma.

3

2

Periostitis is the inflammation of
Its causation may be either infec-

Goldstein has indicated that this dual causation of

periostitis has led to uncertain explanations for its occurrence in

1op.

cit., pp.

101-2 .

2

Jones, Harold W. , Hoerr, Normand L., and Osol, Arthur (Eds.),
Blakiston’s New Gould Medical Dictionary. Philadelphia: The Blakiston Company, 1949. p. 752.
3ibid.
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ancient skeletal remains / and Sandison has asserted that when con
fronted with periosteal reaction in ancient bones, it cannot be said

2

with any confidence whether it resulted from infection or trauma.

Since the high frequency of fractures in Maples' baboon collection
indicates much trauma from falls , it is reasonable to attribute the
high incidence of periostitis'in the collection primarily to trauma.
Note on Table VI that a large portion of the baboons with periostitis
are from the Ewaso Ngiro area, animals from this area also had a high
frequency of fractures apparently from falls.

It should be mentioned,

however, that fractures themselves may be avenues by which germs may
invade the periosteum, or places in which blood-borne organisms may
incubate and cause infection.

3

That this is a factor to consider is

illustrated by the occurrence in four animals of periostitis on
fractured bones or bones adjacent to fractured bones.

Also, various

types of soft tissue trauma, such as a bite wound or a laceration,
may have become infected and caused some of these periosteal lesions.
This mode of causation is demonstrated by the periostitis on Dr.
Maples' left ulna from a severe baboon bite.

1Goldstein, Marcus S., "Skeletal Pathology of Early Indians in
Texas." American Journal of Physical Anthropology, XV (September
1957) , 306.

„
Sandison, A. T . , Pathological Changes in the Skeletons of
Earlier Populations Due to Acquired Disease, and Difficulties in
Their Interpretation." in D. R. Brothwell (Ed.), The Skeletal
Biology of Earlier Human Populations. Oxford: Pergamon Press,
1968. p. 225.
2

3
Wells, op. cit., p. 84.
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Alveolar Abscesses

Three baboons in Maples 1 collection had alveolar abscesses.
All three animals were in Age Group V.

That three of the eight

(37.5%) animals in this age group had alveolar abscesses is not
surprising since alveolar abscesses are particularly common in
old primates with advanced attrition of teeth.^

M-38 had abscess

formation on the right side of the body of the mandible (see Plate
IV).

M-13 had abscesses on the left and right maxilla, and M-12

had evidence of moderate abscess formation on the left side of
the body of the mandible.

Severe dental attrition exposing the

pulp cavities of teeth to infection is the probable cause of
these abscesses.

Schultz, Adolph H . , "Notes on Diseases and Healed Fractures
of Wild Apes." in Don Brothwell and A. T. Sandison (Eds.), Diseases
in Antiquity. Springfield: Charles C. Thomas Publisher, 1967. p. 49.
54
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Miscellaneous

Some skeletal pathologies that were not identified in Maples'
collection were (1) osteomyelitis, (2) congenital deformities, (3)
nutritional deficiency diseases, (4) genetic defects, and (5) malig
nant tumors. Benign tumors cannot be excluded because M-20 has two
neoplasms on the right maxillary bone.

The larger one is similar in

size and shape to a pea split in h a l f , and the other is smaller.
origin of the neoplasms is not known.

The

Although genetic defects were

not present, there were some interesting genetically determined vari
ations in dentitions and skeletons.

Three animals, M - l , M - 2 1 , and

M - 3 1 , each from different populations, had extra fourth molars.
Slightly more than half the animals had 13 ribs and thoracic verte
brae , while the remainder of the animals had
vertebrae.

12

ribs and thoracic

Some variation was also present in the manner in which

bones articulated in the pterion region of the skull.

In three

animals, M - 9 , M - 2 7 , and M - 3 1 , the suture pattern differed from the
"H" pattern typical of the other baboon skulls.
About half of the baboon skeletons had bony outgrowths at vari
ous locations on the large bones of the legs and arms.

The bony

outgrowths seldom occurred bilaterally or in specific locations,
although they did occur in animals at the same general location,
such as the distal fibula.

Plate V (p. 57) illustrates bony out

growths in animals M-l, M-14, M-25, and M-36.

Two physicians at

Western Michigan University's Student Health Service briefly
56
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M-25

M-36
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examined some of these bones.

The physicians asserted that the bony

outgrowths do not necessarily indicate pathology, and that no bones
had malignant tumors.

Hie possibility that the bony projections were

of genetic or traumatic origin was also discussed.
It seems to me that the bony outgrowths in the baboon skeletons
are non-genetic in origin since they are not bilateral and their
exact location varies in different animals.

The bony outgrowths are

probably post-traumatic in nature and have a causation similar to
that of the famous exostosis on the femur of "Pithecanthropus
erectus I."

Hie exostosis of this early man most likely represents

traumatic myositis ossificans .1

This is a condition resulting from

trauma in which bone is laid down in injured muscle substance and
fibrous tissue.

2

Putschar, Walter G. J. , "Problems in the Pathology and
Palaeopathology of Bone." in Saul Jarcho (Ed.), Human Palaeopatho
logy. New Haven and London: Yale University Press, 1966. p. 59.

2

Key and Conwell, op., cit., pp. 518-19.
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CHAPTER III

ANALYSIS OF PATHOLOGY BY THE HARRIS 'S LINE
TECHNIQUE OF RADIOGRAPHY

Introduction

This section of the analysis of pathology of the Kenya baboon,
as revealed by skeletal remains, deals with the highly controversial
subject of Harris's lines.

Harris's lines are also called bone scars,

transverse lines of calcification, and lines of arrested growth.
Harris's lines are often observed by physicians in radiographic
plates of long bones and ribs.

These lines appear as transverse

lines near the distal or proximal end of long bones and parallel to
the line of epiphyseal fusion if it is present.
lines occur near the costal end of the shaft.

In ribs Harris's
Bones which produce

Harris's lines on radiographic plates reveal corresponding trans
verse lattices of ossification when sectioned.
Harris's lines are controversial because the cause of their
formation is uncertain.

Henry Harris, for whom these lines are

named, has investigated the cause of their formation.
cations, one in 1926

1

and another in 1933,

2

In two publi-

Harris presents evidence

that transverse lines are formed during the growing period of life

^Harris, Henry A., "Hie Growth of the Long Bones in Childhood."
Archives of Internal Medicine, XXXVIII (1926) , 785-806.

2

Harris, Henry A. , Bone Growth in Health and Disease.
Oxford University Press, 1933. pp. 4-42.

London:

59
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if growth is temporarily arrested.

Furthermore, Harris asserts that,

pathologically, transverse lines are formed in the growing animal
whenever there is cessation of growth at the epiphyseal cartilage,
and that the stimulus to cessation of growth may be starvation, dehy
dration, an acute infection of the respiratory, urogenital, or ali
mentary systems, or a deficiency disease such as scurvy.*

These

assertions were based on the results of experiments on animals and
the observation of hospital patients.
Much more recently Wells has indicated that Harris's line
analysis can be used to study the health and disease of ancient
populations.

2 3 4
’ ’

Wells asserts that the frequency of Harris's

lines in a population is an indication of the general morbidity
affecting individuals during youth.

5

He observed the frequency of

Harris's lines in tibias from several early cemeteries in England.
Variations in the average number cf lines per person in different
populations, and between boys and girls and different subadult age
groups within populations , were interpreted in terms of living

*Harris, "The Growth of the Long Bones in Childhood," op. cit.,
p. 798.

2

Wells, Calvin, "A New Approach to Ancient Disease."
XXII (December 1961), 526-531.
3

Discovery,

Wells, Bones, Bodies, and Disease, op. cit., pp. 149-60.

Wells , Calvin, "A New Approach to Palaeopathology: Harris's
Lines." in Don Brothwe11 and A. T. Sandison (Eds.), in Diseases in
Antiquity. Springfield: Charles C. Thomas Publisher, 1967. pp.
390-404.
**Wells, "A New Approach to Ancient Disease," op. cit., p. 528.
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conditions, environment, diet, occupation, and social structure.
Also, McHenry has counted the Harris's lines in the distal femur
of prehistoric California Indian populations of the Early, Middle,
and Late Horizons.

2

There was a statistically significant decrease

in the frequency of Harris's lines from the Early to Late Horizons,
and archeological evidence indicated that the Indians improved and
broadened their subsistence economy from the Early to Late Horizons.
McHenry cautiously concluded that the differences in the frequency
of lines among the three California Indian populations were probably
associated with differences in morbidity and/or nutritional status
of the people.

3

«

The value of a Harris's line analysis of skeletal remains , if
the assertions of Harris and Wells are correct, is that this kind of
analysis reveals information about the health of an individual in his
subadult life that cannot be gained by gross inspection of his skele
ton.

Wells has suggested that Harris’s line studies need not be

restricted to man,

4

^

and Brothwell has stated, in regard to palaeo-

pathological studies of earlier animal fcrms, that, "Radiographic
examination, at least of the more complete bones, might be revealing,

*loc. cit., pp. 527-8.
„
McHenry, Henry, Transverse Lines in Long Bones of Prehistoric
California Indians." American Journal of Physical Anthropology,
XXIX (July 1968), 1-18.
2

3loc.

cit., p.

1.

^Wells, "A New Approach to Ancient Disease," op. cit., p. 531.
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especially as regards ’lines of arrested growth'.”*

It is with

regard to these assertions and suggestions that this Harris’s line
analysis of the Kenya baboon is undertaken to yield useful and con
structive information about the pathology of the Kenya baboon and
about the Harris's line method of analysis itself.
Before discussing the methods and results of the Harris's line
analysis of the baboons in Maples' collection, some brief comments
should be made about the histological mode of formation of Harris’s
lines and factors to consider when interpreting their significance.
Park has described how Harris’s lines are formed in rats subjected
to a drastic starvation diet,

2

and the brief account that follows

is based on his description.
In the long bones of a growing mammal there is a zone of growth
cartilage between the epiphysis and diaphysis of the bone.

In normal

growth the growth cartilage is penetrated by blood capillaries and
their associated osteocytes which arise out of the diaphysis.

The

growth cartilage is composed of columns of cartilage cells in a
cartilage matrix; and as the cartilage cells near the diaphysis
reach their final stage of maturation, capillaries and their associ
ated osteocytes invade the columns of cartilage cells.

The mature

cartilage cells are then destroyed and bone is deposited on the now

*Brothwell, Don, "The Palaeopathology of Pleistocene and More
Recent Animals." in Don Brothwell (Ed.) , Science in Archaeology.
New York: Basic Books, Inc., Publisher, 1963. p. 278.

2

..

Park, Edwards A., The Imprinting of Nutritional Disturbances
on the Growing Bone." Pediatrics, XXXIII (May 1964), 816-827.
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bared walls of the cartilage matrix by the osteoblastic activities of
the osteocytes.

Some of the matrix walls, however, are destroyed,

while some walls presumably required for mechanical support become
covered with bone.

These bone covered walls become the internal

trabeculae of the long bone and have a vertical orientation, since
the cartilage columns on which bone was deposited had a vertical
orientation.

During arrested growth, however, the cartilage cell

maturation cycle is interrupted and the columns of cartilage cells
become an impenetrable cap to the capillaries and their associated
osteocytes.

This impenetrable cap or plate of cartilage cells then

acts as a template on which the osteoblasts deposit bone in a trans
verse manner forming a plate.

This transverse plate of bone is

called the primary stratum and is very thin.

Upon recovery from

arrested growth (in Park's experiments by restoration of adequate
nutrition) osteoblasts lay down a thicker layer of bone, called the
secondary stratum, on the primary stratum.

The secondary stratum is

deposited while the recovering cartilage cells complete their matura
tion cycle.

Upon maturation of the cartilage cells the growth carti

lage becomes penetrated by capillaries and their associated osteocytes
and normal longitudinal bone development occurs again.

It should be

pointed out that the formation of the secondary stratum, termed the
recovery factor, is essential in the formation of the transverse line.
Without the recovery factor the transverse stratum would not have
enough thickness to be detected radiographically and consequently
arrested growth would not be detected.
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To aid in the interpretation of the results of the Harris's
line analysis, certain factors in regard to the significance of the
occurrence of Harris's lines must be discussed.
is that Harris's lines may escape detection.

One of these factors

The radiographic tech

nique of the researcher may influence his detection of these lines,
and variations in the techniques of different researchers may limit
the usefulness of comparisons of their results.
Another factor to consider is that Harris's lines give no clue
as to the specific nature of the pathological conditions that- caused
the arrest in growth.

Wells asserts that at present it is not even

possible to distinguish between a line due to a short illness, such
as the measles, or a line which is the result of a severe famine.*
It is also possible that individuals vary as to their ability to
produce Harris’s lines.
A third and extremely important factor to consider is the possi
bility that Harris’s lines may be formed in bones without arrest in
growth.

Marshall has investigated this problem.

2

Marshall asserts

that there is little doubt that many of the lines which are seen in
bones are formed when normal growth is arrested, but the possibility
that transverse lines may also be deposited without arrest in growth
cannot be excluded.

It is pointed out that Harris and other early

*Wells, ”A New Approach to Palaeopathology:
op. cit. , p. 373.

Harris's Lines,"

„
Marshall, W. A., "Problems in Relating the Presence of Trans
verse Lines in the Radius to the Occurrence of Disease." in D. R.
Brothwell, The Skeletal Biology""of Earlier Human Populations. Ox
ford: Pergamon Press, 1968. pp. 245-260.
2
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researchers drew attention to the development of transverse lines in
apparent association with various illnesses , and that these research
ers paid little attention to the development of lines in the absence
of illness.
Marshall X-rayed the left radius of 165 children under 13 years
of age who had been participants in a longitudinal growth study.
Careful records had been kept of all their illnesses since birth.
Marshall found that the correlation coefficient between the number
of transverse lines and the number of illnesses was not statistically
significant when the number of lines in the distal radius of each
child was counted and plotted against the number of illnesses (other
than common colds) which the child had suffered since birth.

Hie

implication of this research is that the number of transverse lines
found in a child's long bones is not an indication of the amount of
illness the child has suffered in the past.

Marshall asserts that

the results of his study may be explained in one of two ways:

either

there really is no relationship between illness and the presence of
transverse lines in the bones or there is a relationship but this
technique fails to detect it because not all the lines which have
been formed in an individual are visible on one radiograph.
Further research by Marshall indicated the association of ill
ness and the formation of new transverse lines.
serial radiographs of

100

Marshall examined

children that had participated in a growth

study in which the left wrist was X-rayed at six-month intervals and
of which careful sickness records had been kept.
88%

It was found that

of the intervals with illness were associated with the formation

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

of new lines as compared to
inoculation.

68%

of the intervals without illness or

Apparently then, Harris’s lines are formed in intervals

of health and illness, with increased incidence associated with ill
ness.

This information indicates that there are undiscovered varia

bles influencing the formation of Harris's lines.
In a longitudinal study of 679 ethnically similar children,
Dreizen, Spirakis , and Stone found that the deposition of transverse
lines in the distal radius at six-month intervals was extremely
common in both well nourished (67.9%) and chronically undernourished
children (65.9%).1

The difference in frequency of occurrence of

transverse lines is not significant and this indicates that trans
verse lines may not be useful in revealing periods of starvation.
McHenry suggests that since the undernourished children were chroni
cally undernourished that the recovery factor did not function to
form detectable transverse lines.

2

Perhaps studies of acute starva

tion will prove a stronger correlation between starvation and the
frequency of transverse lines.

Dreizen, S., Spirakis, C . , and Stone, R . , "The Influence of
Age and Nutrition on 'Bone Scar' Formation in the Distal End of the
Growing Radius.” American Journal of Physical Anthropology, XXII
(September 1964), 296.
2 op.

cit., p. A4.
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Materials and Technique

The left and right tibias of 40 baboons were X-rayed.

The tibia

was chosen to be X-rayed because it is one of the bones which show
Harris's lines best.

This may be the result of the fast growing rate

of the tibia and the shape of the growth cartilage junction at the
distal diaphysis.*

The rib, which has a faster growing rate than the

tibia, was not selected because its narrowness might have made the
identification of Harris’s lines more difficult.

Each tibia was

X-rayed by placing it on a loaded film holder so that the X-rays
would strike the tibia in an anterior-posterior plane and reveal the
internal structure of the distal end of the tibia most clearly.
Eight by ten inch sheets of Kodak Royal Blue Medical X-Ray Film,
RB-54, were used.

The film holders were located 18 to 21 inches

away from the X-ray machine cone base.

Each sheet of film was ex

posed to X-rays for about three seconds at eight milliamperes and 50
peak kilovolts.

The X-ray machine was a Mathison portable thera

peutic unit of 140 peak kilovolts.
The left tibia of each baboon was X-rayed first.
the left and the right tibias were X-rayed.

Later, both

This was done to see

if slight variations in technique would make more Harris's lines
visible and to see if the left and right tibias of the same baboon
had the same number of Harris's lines.

Often the Harris's lines of

*Park, op. cit., p. 832.
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an animal were more identifiable in one of its tibias than the other.
In the event that one tibia had more lines than the other, the
greater number of lines was recorded and utilized in this study,
since Harris's lines may disappear or escape detection once they
have been formed.

Each processed X-ray sheet was carefully examined

at least three times.

The concern was to be consistent as to what

type of lines constitute Harris's lines and to be consistent as to
how faint lines could be and still be considered identifiable
Harris’s lines.

Plates VI, VII, VIII, and IX, pages 69, 70, 71, and

72, illustrate Harris's lines in animals M-9, M-22, M-24, and M-29.
The Harris's lines on these prints are the faint dark lines at the
distal end of the tibia that are located above and parallel to the
line of epiphyseal fusion.
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PLATE VI

i'
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PLATE VII

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

71
PLATE VIII

■O'

25
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PLATE IX

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Results

Twenty-eight of the 40 (70%) baboons X-rayed revealed one or
more Harris's lines.

The maximum number of lines for any tibia was

seven and the average number of lines per animal (tibia) was 2.25.
Table VII (p. 7-1) illustrates that the number of Harris's lines in
the distal tibia generally decreases as age increases.

;e Group I

has an average of 2.8 lines per tibia; Age Group II, 2.8; Age Group
III, 2.3; Age Group IV, 2.0; and Age Group V, 1.4.

Note that gener

ally the percentage of animals with Harris’s lines in each age group
decreases as age increases, Age Group III being the exception.
Table VIII (p. 75) indicates the relationship of frequency of
Harris’s lines to ecology.

The size of most of the ecological groups

detract from the interpretative value of this table, however, the
Kimana and Ewaso Ngiro groups with 11 and 14 animals, respectively,
are fairly large and amenable to interpretation.

It should be noted

that the Ewaso Ngiro group, which had a very high frequency of frac
tures, and the Kimana group have a similar average number of Harris's
lines per animal and that both groups have slightly less than the
average number of Harris's lines computed for the entire collection.
The range of the average number of Harris's lines per animal for each
ecological group is from 4.5 for the Amboseli group to 0 for the
animals from Tanzania.
Table IX (p. 76) illustrates the relationship between frequency
of Harris's lines and weight.

Since age seems to be a factor influ

encing the occurrence of Harris's lines, age must be a controlled
73
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TABLE VII

Animal
Number
M 1
M 2
H 3
M 4
M 5
M 7
M 8
M 9
M10
Mil
Ml 2
M13
M14
Ml 5
ML 6
M17
Ml 9
M20
M21
M22
M23
M24
M25
M26
M27
M28
M29
M30
M31
M33
M34
M35
M36
M37
M38
M39
M40
M41
M42
M43

HARRIS'S LINE FREQUENCY AND AGE
Age Groups
III
IV
V
I
II
0
5
3
0
3
5
6
4
0
0
3
2
0
2
0
4
4
5
1
4
1
7
5
3
2
0
4
1
2
0
1
2
1
0
4
0
4
0
0
2
11 Total number of lines
21
16
31
11
8
Total number of animals
9
8
4
11
1.4 Average number of lines
2.3
2
2.8 2.8
5
Total number of animals in
7
5
8
3
each age group with lines
63% Percentage of animals with
78%
63%
75% 73%
lines
- *
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4)

«

Ecology

Ambosell
Coast
Darajanl
Ithumba
Miti Mingi
Kimana
Ewaso Ngiro
Simba Springs
Tanzania

Number of Harris's lines In each animal In each ecology

5
2
0
5
2
2
0
1
0

4
1
2
1
3
5
7
0

4
0
3
5

4
0

1
3

2
6

0
4

1
0

4
0

0
3

4
2

All ecologies

0

0

4

I

»

a

I

£

a

number

of lines

HARRIS'S LINES AND ECOLOGY

a

1

;
x

$

I

9
3
2
10
2
21
30
13
0

2
2
2
3
1
11
14
3
2_

4.5
1.5
1
3.3
2
1.9
2.2
4.3
0__

90

40

2.25

Average
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TABLE VIII

cn

1
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TABLE IX

)
HARRIS'S LINES AND WEIGHT

+

=
=

Animals lighter than the average weight of their age group
Animals heavier than the average weight of their age group

Age Group I

Age Group II

Age Group III

Age Group IV

Age Group V
-

Ml 5
Ml 9

Ml 4
Ml 6
M17
M2 2
M25
M26
M27
M30
M31

M23
M24
M28
M29
M36
M37
M40

23
3.3

M10
Mil
Ml 2
Ml 3
M21
M3 4
M3 8

M20
M33
M35
M3 9
13
3.3 1.6

+

2.6

Total number of lines
Number of animals
Average number of
lines

M 4 1 , M 4 2 , and M 43 are not included since their weights at capture are unknown.

a>
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factor in determining the relationship between weight and frequency
of Harris’s lines.

To do this the animals in each age group were

divided into two sections, a heavier section and a lighter section.
An animal was considered in the heavier section of its age group
if it weighed more than the average weight for its age group.
Animals weighing less than the average weight of their age group
were considered in the lighter section.

Table IX indicates that

except for Age Group I , which is very small, that on the average
it is the lighter animals in each age group that have the greater
frequency of Harris's lines.
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Discussion

Table VII illustrates that the frequency of Harris's lines in
the adult baboons generally decreases as age increases.

The explana

tion of this phenomenon is not that the older animals had less dis
ease or malnutrition in subadult life but that cortical remodeling
of b o n e , which occurs throughout life, had a longer time in which to
remove the Harris's lines in the older animals.^
In relating the occurrence of Harris’s lines to skeletal path
ology, Harris's lines appear to be inversely related to the occur
rence of fractures, arthritis, and periostitis.

This situation

occurs because Harris's lines decrease in frequency with age and
fractures, arthritis, and periostitis increase in frequency with age
The significance of the frequencies of Harris's lines in differ
ent ecological areas, shown in Table VIII, is difficult to assess.
As has been pointed out, research indicates that Harris's lines are
caused by illness, starvation with recovery, and, nearly as frequent
ly, by unknown causes.

Although it is possible that animals from

the areas with higher frequencies of Harris's lines experienced more
disease or acute starvation, it cannot be said with certainty that
these animals experienced more disease or episodes of acute starva
tion in subadult life than animals from areas with lower average

G a m , Stanley M . , and Schwager, Patricia M . , "Age Dynamics
of Persistent Transverse Lines in the Tibia." American Journal
of Physical Anthropology, XXVII (November 1967), 376.
78
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frequencies.

The only support that the occurrence of Harris’s lines

in the different area groups represents pathology is in reference to
the two baboons from the Amboseli Game Reserve.

Both of these ani

mals , from Age Groups I and II respectively, have high numbers of
Harris's lines that may have been caused by sickness, since Washburn
and DeVore have remarked, in a paper based on observations taken
shortly before 1961, that sickness was widespread in the Amboseli
1

troops.

Table VIII reveals that the baboons from the Ewaso Ngiro area
have an average of 2.2 Harris’s lines per animal, which is about the
same frequency as the average number of Harris's lines for the ani
mals from the Kimana area (1.9) and for the entire collection (2.25).
The Ewaso Ngiro group's average frequency of occurrence of Harris's
lines contrasts very sharply with this group's high average frequency
of fractures.

This situation can be explained by several alternative

explanations, assuming that the occurrence of Harris's lines is a re
flection of illness or starvation.

One explanation is that the frac

tures in this group of animals did not incapacitate the animals to
the point of starvation while convalescing during subadult life.

A

second explanation is that the severe fractures in this group occur
red mainly in adult life when Harris's lines cannot be formed from
malnutrition.

The fact that M-14 of Age Group.Ill had 25 fractures,

including severe compression fractures, and no Harris's lines indiI
cates that its severe fractures occurred in adult life.

Similarly

1

op. cit., p.

66

V
\
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M-l of Age Group IV with 16 fractures and no Harris’s lines may have
suffered no severe fractures in subadult life.

A third possible

explanation for the average frequency of Harris's lines in the Ewaso
Ngiro group is that this group had just an average incidence of
disease.

A fourth explanation is that bone remodeling may have

removed some of the Harris's lines in the distal tibias of these
animals.

Seven of the 14 animals from the Ewaso Ngiro area are in

the two oldest age groups and it is possible that bone remodeling
effectively reduced the occurrence of Harris’s lines for the group.
Furthermore, repeated episodes of stress from frequent falls may
have helped to remove Harris's lines from the distal tibias of these
animals, since Harris indicated that the extent and rate at which
transverse lines tend to disappear bear some relation to the stresses
and strains in the neighborhood of the nearby joint.*
Table IX illustrates that in the adult age groups that on the
average the heavier baboons have fewer number of Harris’s lines.
explanations may account for this:

Two

(1) that the heavier adults were

healthier in subadult life, and (2) that Harris's lines do not persist
as well in the distal tibia of heavier baboons. The first explanation
could be easily verified with health records and the validity of the
second explanation could be inferred from the results of studies of
the relationship between weight and Harris's lines in other mammals.
However, health records for these wild baboons are not available and

^Harris, Bone Growth in Health and Disease, o p . c i t ., p . 21.
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apparently no other Harris's line studies have analyzed the relation
ship between body weight and Harris's line frequency.
suggest that the first explanation is correct.

1 cautiously

It may be that the

heavier baboons in each age group have superior constitutions and
are more resistant to arrest in growth than the lighter baboons,
which may be predisposed to disorders that cause arrest in growth
and/or the formation of Harris's lines.
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CHAPTER IV

CONCLUSIONS

Schultz's hypothesis that age, not locomotion or body size, is
the primary factor in determining fracture frequencies in primates
has been tested in this analysis of the skeletal pathology of the
male Kenya baboon.

Age, as indicated by the degree of dental wear

and endocranial coronal suture closure, was found to be definitely
the primary factor in determining the frequency of fractures.

The

frequency of fractures was greater in older animals for three
reasons:

(1) the older animals had a longer time in which to accumu

late fractures, (2) as an animal matures to old age its bones undergo
physical changes and become fractured more easily, and (3) as an
adult male baboon matures toward old age his rank in the dominance
hierarchy increases and consequently he exposes himself to greater
risks while controlling and protecting the weaker members of the
troop.
Weight seems also to be a factor in determining the frequency
of fractures in the male Kenya baboon.

In order to keep age as a

controllable constant, each age group was divided into two sections,
a heavier section made up of animals weighing more than the average
weight of their age group and a lighter section composed of animals

"'’Schultz, "The Occurrence and Frequency of Pathological and
Teratological Conditions of Twinning Among Non-Human Primates,"
op. cit. , p. 978.
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weighing less than the average weight of their age group.

It was

found that, except in the oldest age group, the heavier sections of
each age group had the greater average frequency of fractures.

That

the heavier animals in Age Groups I through IV had the greater
average frequency of fractures may be explained by assuming (1) that
the heavier animals are more likely to fall out of trees, because
of their heavier weight and consequently have greater opportunity
for injury, and (2) that the heavier males are the more dominant
males and expose themselves to greater risks while controlling and
defending the troop.

Only in the oldest age group did the lighter

animals have the greater frequency of fractures.

The best explana

tion for this situation is that animals with severe dental attrition
have difficulty initiating the first stages of digestion and are
therefore more affected by the incapacitating effects of an accumu
lation of fractures than animals with less worn dentitions.
Locomotion is likewise a factor influencing the high frequency
of fractures in baboons.

The baboon is an Old World primate with

moderate terrestrial specializations that apparently descended from
an arboreal quadruped during the Pliocene.^

Specializations, such

as those occurring in the upper limb and foot, and his greater size,
have adapted the baboon to terrestrial life.

These terrestrial

adaptations, however, may have occurred at the expense of the
baboon's arboreal fitness.

Bramblett has stated this situation

rather clearly, "The baboon's large size and manner of locomotion

^■Jolly, op. cit., pp. 24-48.
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are well suited to terrestrial feeding and limited climbing.

But

when great skill and speed are required in climbing £as in a flight
situationj.he pays a heavy price in injuries £from fallsj.”*
The relationship of age to fracture pattern was analyzed in
this skeletal study.

To elucidate fracture patterns at different

ages the skeleton of the baboon was considered in anatomical divi
sions:

the axial skeleton, the appendicular skeleton, the presacral

vertebral column, the phalanges, and the caudal vertebrae (tail).
The age-fracture pattern of many fractures was similar to that of
humans.

Changes occurring in bone structure, especially the verte

bral column, and changes in male baboon social roles , such as in
creased participation in troop defense or control, accounted for
variations in fracture patterns at different ages.
Ecology was revealed to be an additional factor in determining
the occurrence of fractures.

In ecologies where much daytime activ

ity such as feeding was spent in high trees, baboons had a high fre
quency of fractures, especially of the compression type, from falls.
Baboons from areas where they received part of their food by raid
ing farms had fractures that could have been the result of blows
from weapons or traps.

Especially interesting was the fracture

pattern in M-20 from the rocky environment of Ithumba Hill.

This

animal had a fracture pattern similar to that found in the male
skeletons of an ancient Indian population that carried on huntinggathering-fishing activities in a rocky seashore environment.

1op.

cit. , p. 337.
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Both arthritic changes and periostitis occurred more frequently
as age increased.

Periostitis appeared to be caused by trauma rather

than infection, although infection as a complication of a fracture or
from a bite or laceration may be responsible for some periostitis.
Periostitis occurred most often on the tibias and metatarsals.

Arth

ritic changes, which may result from trauma or unknown causes, but
which generally indicate repeated episodes of stress, occurred most
frequently in the thoracic region of the vertebral column and in the
phalangeal, wrist, elbow, hip (acetabulum), and lumbosacral joints.
In accounting for the pattern of occurrence of skeletal path
ology in the baboon, morphology must be considered.

Schultz asserts

that in gibbons and orangutans the humerus is broken more frequently
than any other limb bone.^

However, in Maples' collection not a

single baboon had a broken humerus.

The long length of the humerus

in the gibbon and orangutan may account for the difference in the
frequency of fractures to this bone.

In the baboon the most fre

quently injured large long bone, as indicated by the frequency of
fractures and periostitis, was the tibia.

The vulnerable subcutan

eous position of this bone may account for its frequent injury.

The

concentration of compression fractures and osteophytosis in the
thoracic region of the baboon's spine indicates that this region
of the back is the area of the most concentrated stress.

This may

Schultz, ’’The Occurrence and Frequency of Pathological and
Teratological Conditions of Twinning Among Non-Human Primates,’’
op. cit. , p. 979.
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be the result of the quadrupedal long-back construction of the
baboon's spine and his habitual modes of posture.
A Harris's line analysis of pathology was conducted on the
distal tibias of each baboon in Maples' collection.

It was demon

strated that a Harris's line analysis of adult baboons to obtain
information about the occurrence of pathology in their subadult
life is of limited value as a supplement to gross inspection of
their skeletons.

A major difficulty of using the Harris's line

method of analysis to assess the occurrence of pathology in subadult
life is that, while illness and starvation may cause Harris’s lines
to form in the subadult animal, lines are also formed by unknown
causes.

Another difficulty is that once the lines have been formed

they may disappear.
The relationship of Harris's lines to age, pathology, ecology,
and weight has been investigated in this study.
Harris’s lines decreased as age increased.

The frequency of

Cortical remodeling of

bone, which occurs throughout life, accounted for the reduced fre
quency of Harris's lines in older males.

Harris's lines appeared

to be inversely related to skeletal pathology.

This situation

occurs because Harris's lines decrease in frequency with age and
fractures, arthritis, and periostitis increase in frequence with
age.

The significance of the frequencies of Harris’s lines in the

various ecological groups was difficult to assess.

Interpretations

were limited because (1) several ecological groups were very small,
(2) health records for these animals are not available, (3) lack of
information about the availability of sustenance, and (4) Harris's
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lines may be formed by unknown causes. The only support that the
occurrence of Harris's lines in the various ecological groups
represents pathology was in reference to the two animals from the
Amboseli Game Reserve.

Both animals had high numbers of Harris's

lines and Washburn and DeVore report, in a paper based on observa
tions taken shortly before 1961 (when both animals were subadults),
that sickness was widespread in Amboseli troops.^*
of Harris's lines was related to weight.

The occurrence

Harris's lines occurred,

on the average, less frequently in the heavier animals.

I cautious

ly suggest that the relationship of Harris's lines to weight is an
expression of a third factor, possibly genetic constitution.

It

may be that the heavier males, in each age group, are more resistant
to arrest in growth than the lighter males, which may be predisposed
to disorders that cause arrest in growth and/or the formation of
Harris's lines.
In regard to the use of Harris's line analyses in primate
studies, I recommend:

(1) that Harris's lines may aid in ascertain

ing if severe fractures occurred in adult or subadult life in wild
primates, since severe fractures mav cause starvation and consequent
ly Harris's lines in a severely incapacitated subadult, (2) that
Harris's line analyses to obtain information about the occurrence
of illness or malnutrition are most usefully conducted on subadults
since Harris's lines are removed by cortical remodeling of bone as

*op. cit. , p.

66.
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the animals grow older, and (3) that many of the uncertainties about
Harris's lines will not be solved until careful longitudinal studies
are conducted on living animals.
An important aspect of this study of the skeletal pathology of
the Kenya baboon has been to investigate the problem of recovery
from injury in free-ranging primates.

The high frequency of healed

fractures in Maples' skeletal collection far exceeds the frequency
of healed fractures reported for other non-human primates.*

The

fact that so many baboons survived such severe injuries seems very
remarkable.

It may be that baboons are subject to little pressure

from predators, and the baboon's social organization may also be an
important factor in the survival of injured baboons.

The troop

certainly offers protection for animals well enough to keep up with
the troop.

However, the observations of Washburn and DeVore on the

baboons in the Nairobi and Amboseli game reserves indicate that the
troop will not wait for sick or injured baboons.

2

It is possible,

nevertheless, that baboons in other habitats behave differently.
Evidence is accumulating that social behavior is subject to varia3

tion among baboons of different habitats.

The forest habitat

baboon of Uganda, which may freely interbreed with the Kenya

Schultz, "The Occurrence and Frequency of Pathological and
Teratological Conditions of Twinning Among Non-Human Primates." op.
cit., p. 978.

2

op. cit., p.

66 .

~

3

Napier and Napier, op. cit., p. 255.
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baboon,

1

does not leave stragglers.

2

It is possible that the

baboons in the more forested areas of Kenya, such as the Ewaso
Ngiro area, may also behave in a similar manner.

This would help

to explain the survival of severely injured baboons in the Ewaso
Ngiro habitat and other similar habitats in Kenya.
The recovery and survival of so many severely injured baboons
may also indicate that baboons are subject to less pressure from
predators than was formerly thought.M- 6 , which had several un
healed fractures (some of which may have occurred at capture when
this animal fell from a tree, but other fractures were certainly
present before capture) , illustrates how baboons endeavor to survive
during the recovery period following serious injury.

This animal

was observed in the Amboseli Game Reserve for several days before
3

its capture.

For several days M -6 was seen sitting alone in the

same tree and on the same limb.

Apparently he was not eating, as

the tree was practically b a r e , but was staying in the tree for pro
tection until he was well enough to feed with the troop.

Although

M -6 was separated from his troop, he had been successful in his
refuge for several days and very possibly would have survived for
a longer period.

^Rowell, T. E., ’’Variability in the Social Organization of
Primates." in Desmond Morris (Ed.), Primate Ethology. Chicago:
Aldine Publishing Company, 1967. p. 221.

2

loc. cit. , p. 229.

3

Maples (Personal conmiunlcation), Department of Anthropology,
University of Florida, Gainesville, Florida, 1969.
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The mechanism by which free-ranging primates survive serious
injury is difficult to elucidate and is of importance to understand
ing the evolution of primates. While baboon social organization and
predator pressure have briefly been examined here, only additional
field observations will explain the behavioral mechanism in the
baboon which allows him to recover from severe injuries in a rather
hostile environment.
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